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ABSTRACT 
Previous research on mast-cells, histamine, serotonin, and acid mucopolysaccharides 
in human and animal hair growth was followed by an evaluation of the norepinephrine 
content in the skin of male albino Wistar rats during the third hair cycle. The Bertler 
et al. technique modified by Pletscher was used. 
In a first series of experiments, the quantitative behavior of catecholamines was 
studied in whole skin from the backs of 42 rats. 
In a second series, designed to determine which part of the skin contained the most 
amine, the skin was divided by means of a histological technique into two parts, the 
amine being evaluated in the lower one. 
Norepinephrine content of the "whole" skin was practically steady during the first 20 
days of the cycle, then rose significantly in telogen to reach its highest level in the mid-
dle of this phase. In the "lower" skin, norepinephrine amounted always to less than 20% 
of the total and followed a similar quantitative pattern, also bowing a marked rise in the 
middle of telogen. 
The possible relationships of these findings to the behavior of blood vessels and 
mitoses of the skin as well as of various skin metabolites during the cycle are discussed. 
During the last ten year vve have analyzed the 
various morphological and biochemical aspects 
of hair growth in man and laboratory animal 
(1-6). 
The most important biochemical finding in 
rats were the fluctuations of histamine (1), 
acid mucopolysaccharides, and especially hepa-
rin, which were generally high during the first 
iYeek of anagen and lower afterwards (3-5) ; 
and fluctuations of serotonin which, on the con-
trary, decreased progressively during the first two 
weeks of anagen and ro e again during catagen 
and telogen ( 3) . 
Our purpo e here is to illustrate both the 
quantitative behavior and the favored localiza-
tion of norepinephrine in rat skin during a 
provoked hair cycle. 
MATERIALS AND METHODS 
In a first series of. experiments designed to as-
certain the quantitative behavior of catechola-
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mines, the backs of 42 Wi tar SM male albino rats 
60 days old were plucked to induce a hair cycle 
which lasted 30-32 days like the two former ones 
(7), was the third in their lives and was divided 
into 3 pha es : 18 days of anagen, 3 days of catagen 
and the remainder in telogen. 
On each of days 4, 9, 15, 20, 23, 27 and 32 of the 
cycle, 6 animals were killed, the right half of the 
supracaudal skin was shaved, exci ed to the depth 
of the panniculus carnosus, freed of all visible 
hanging fat, and treated according to the technique 
of Be1'tler et al. modified by Pletscher (8--10). The 
left half wa~ used for the determination of water 
content. 
The Bertler technique determines both norepi-
nephrine and epinephrine content (norepinephrine 
constitutes about 90% of the total of catechola-
mine ) and is as follows: 
1) Homog nization of the skin and extraction 
of norepinephrine with 0.4 M perchloric acid 
in an electric homogenizer at 0°C followed 
by centrifugation. 
2) Separation of the amine on a chromato-
graphic column containing Dowex-50W-X4 
(200-400 mesh, cationic exchange resin). 
3) Oxidation of norepinephrine with potassium 
ferricyanide in the pre ence of ascorbic acid 
and pectrofiuorimetric determination (at 400 
m11- activation and 510 m11- emission) (spec-
trofluorimeter CGA Mod. '500 Minor). The 
catecholamines thus determined are for prac-
tical purposes expressed as micrograms of nor-
epinephrine per gram dry weight (p.g/g/dw) 
as calculated from the water content of com-
parable skin samples taken from the same 
animal on each day studied. 
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In a second series of experiments, we at-
tempted to determine in which part of the 
skin the most amine resided during the anagen, 
catagen and telogen phases of the hair cycle, 
whether in the epidermis and upper dermis or 
in the deeper dermis and hypodermis. On the 
established days cylindrical punch specimens, 
0.5 mm. wide, were removed from the back 
skin of 14 male rats (2 rats for each day 
studied: handling a larger number of rats 
would have interfered with the necessary 
rapidity in the following procedures) and were 
cut quickly with a freezing microtome into 
horizontal serial sections, parallel to the skin 
surface to the level of the lower pole of the 
sebaceous glands, including all upper skin 
layers. 
We had previou ly determined on vertical 
fresh-frozen sections that this lay at an 
average depth of 400 microns throughout the 
hair cycle of the rat. Having thus divided the 
kin into two part , the upper ectioned and the 
lower unsectioned, we evaluated the amine con-
tent of the lower part directly, that of the 
upper part by difference. 
All data were examined tatistically by 
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:p'm. 1. Norepinephrine skin content during the 
ha1r cycle. Average values and confidence intervals. 
standard error of mean, confidence interval, and 
analysis of covariance. 
RESULTS 
1) In the first series of experiments on whole 
skin, between day 4 and day 20 of the cycle, 
norepinephrine levels remained practically 
around 3 ,ug/g/ dw. From day 20, however, nor-
epinephrine values started to rise and continued 
doing so sharply through the first part of telogen 
until day 27 when the maximal value of 6.5 
,ug/ g/ dw (more than twice the initial value) was 
reached. 
In the second part of teloge.n, between days 
27 and 32, norepinephrine quantities began 
declining. 
Analysis of covariance showed significant 
statistical difference between the first 4 day 
of the cycle (days 4, 9, 15, 20) and day 23, 
between days 23 and 27, and between days 27 
and 32; among days 4, 9, 15, and 20 there 
wa no difference (FiO'. 1, Table I) . 
2) In the second serien of experiments on 
divided skin between dav 4 and day 23, i.e. 
between the beginning of anagen and that of 
telogen, the amine content of the lower skin 
wa very low, less than 20% of the total. 
Between day 23 and 27, in the middle of 
telogen, it rose from about 0.3 to 1.9 ,ug/ g/ dw 
and then decreased until day 32 at the end of 
teloO'en (Fig. 2, Table II ) . 
DISCU , lOX 
Even if this type of study does not ) ield 
reliable information on the ource (postgangli-
onic ympathetic nerve endings (11), epidermis 
( 12) blood flow ( 13), hypothetical entero-
chromaffin-like skin cells (14-16) of evaluated 
catecholamines, it does allow us to comment 
briefly on a few point . 
We have found a considerably higher catechol-
amine content in rat skin than that observed 
by Moller (9), per hap because of differences 
in technique and in the age of the animals. 
Our findings clearly confirm that in rats 
mo t of the cutaneou catecholamines, including 
norepinephrine, re ide in the epidermis and/or 
upper dermis (9, 12). 
Pilomotor mu cles and arterial blood ve els 
in the upper dermi are functionally linked to 
the sympathetic innervation of the zone (17). 
However, they apparently remain unchanged 
throughout the cycle (18). This suggests that 
TABLE I 
No repinephrine "total skin" con tent 
Animals 4 9 15 
-
w NE NE/W w NE NE/W w NE NE/W 
- -
- -
--
1 70 174 2.5 72 217 3. 0 84 160 1.9 
2 61 123 2.0 64 199 3. 1 80 200 2.5 
3 84 160 1. 9 77 201 2.6 133 266 2.0 
4 69 138 2.0 73 271 3.7 84 261 3.1 
5 110 496 4.5 69 276 4.0 99 198 2.0 
6 83 356 4.3 83 350 4.2 63 240 3.8 
M 79.5 241 2.0 73. 0 252 3.4 9.05 2210 2.5 
SEl\II ±7.08 ±61.59 - ±2.67 ±23 .92 - ±9.71 ±17.0 -
C l\II - 235.8 - - 270.9 - - 175.0 -
F = 8.76 p = 0.01 
Legends: W = dry weight of skin samples in mg. 
NE = N orepinephri ne content of the sample {J..tg/ 1000) 
NE/ W = Norepinephrine skin content (JJ.g/ g dry weight) 
M =Mean 
SEM = Standard error of mean 
CM = Mean corrected by co-variance 
Days 
20 
w NE NE/W w 
85 465 5.5 67 
68 362 5.3 56 
64 154 2.4 61 
72 216 3.0 66 
96 442 4.6 72 
84 252 3.0 123 
- -
78 .2 315 4.0 74 .2 
± 4.96 ±51.81 - ±10 .01 
- 314.7 - -
-
23 27 
NE NE/W w NE 
--
344 5.1 71 383 
360 6.4 84 557 
306 5.0 84 573 
315 4.8 55 302 
425 5.9 92 731 
553 4.5 109 731 
384 5 .3 82.5 546 
±37 .97 - ±7.49 ±71.97 
398.1 - - 529 .7 
NE/W w 
--
5.4 45 
6.6 61 
6.8 81 
5.5 85 
7.9 66 
6.7 73 
6.5 68.5 
- ±5.95 
- -
32 
NE 
494 
584 
403 
322 
257 
315 
346 
±50 .44 
452.2 
NE/W 
--
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4.6 
-
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FrG. 2. Norepinephrine content of the lower part 
of the skin (dotted line) in comparison with that of 
the whole skin (solid line). 
Current data on the behavior of the hypo-
dermis during the cycle are definitely contra-
dictory (23-26) and any remarks about the 
influence of norepinephrine on fat tissue (27) 
would be speculative. 
The fluctuations of epinephrine may pro-
gressively influence the glycogenolysis (28) of 
the outer sheath which, starting in the last 
part of anagen, reaches its peak in telogen 
(29, 30). 
The fact that catecholamine levels were 
highest both in the upper and lower skin in 
telogen seems to agree with the inhibition of 
spontaneous growth and delayed response to 
plucking observed in epinephrine-t reated rats 
(31). 
Furthermore, the high catecholamine levels 
detected in skin when the urface epidermis as 
well as the restino- follicles are practically devoid 
of mito es (32, 33) may be of some significance 
TABLE II 
]\ orepinephrine "lower skin " content 
Days 
Ani-
mals 4 9 15 20 23 27 32 
N NE NE/ W N NE NE/W N NE NE/ W N INE 11\TE/ W N NE INE/ W N NE NE/ W N NE NE/ W 
-- - - - -- - - ---- - -- -- - ---- - -- - - - - -- - --
1 33 128 0.39 35 127 0.36 62 306 0.49 40 0 0 47 313 0 .66 44 833 1.89 39 302 0 .77 
2 24 131 0 .55 57 238 0.41 46 162 0.39 34 0 0 41 0 0 31 603 1.96 31 298 0.96 
- - -- - ---- - ---- - ---- -
---- - ---- - -- - - - - -
M 2 .5 129 0.47 46.0 182 0.38 54.0 234 0.44 37.0 0 0 4-!.0 156 0.33 37.5 718 1.92 35.0 300 0.86 
Legends : W = dry weights of skin samples in mg. 
NE = Norepinephrine content of the sample (JJ,g X 10000) 
NE/ W = Norepinephrine skin content (/.Lg/ g dry weight) 
M =Mean 
skin norepinephrine i located mainly within 
the epidermis. 
In the lower dermis and hypodermis a 
relatively high level of norepinephrine (also 
of serotonin (3, 19, 20)) is found only in 
telogen, when the inferior, "transient" (21) 
two-thirds of perifollicular blood networks have 
disappeared (18). This structural and functional 
situation has its counterpart in anagen with 
the rich perifollicular supply of blood vessels 
(18). Here one finds very low epinephrine and 
high histamine levels at all depths (3, 6). This 
situation apparently concurs with the view of 
Schayer that a homeostatic balance between 
histamine and catecholamines maintains physio-
logical vasotonus (22). 
in view of the alleged existence of tissue-
specific "chalones", the antimitotic action of 
which would be enhanced by epinephrine (34). 
We observed low catecholamine levels in 
anagen. These do not appear to be linked with 
the increase in mitotic rate provoked by pluck-
ing since it is a short-lived phenomenon (35), 
and should have disappeared by the fourth 
day after plucking when our studies began. 
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